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Drosophila robusta species group 25S (D. lacertosa9| D. sordidula) 9| 
mtDNA ojo S|ër SF Est Mtm 
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Drosophila virilis section # D. robusta $v Waly D. lacertosaelx:9] 
D. lacertosa9k D. robusta°}<2| D. sordidula Ust JAGA 54A oux 
sha Eget xl 27) wdEe]o| Fe daez £e Espuus 
$/d s do g7] AA Ate] CHEZ 107: APESE aeaa 
mtDNAS| at QAFAS BAAR. 2 8» D. lacertosa} D. sordidula 
4*3] genome size $$] 15.7 kbp! RLZ Yee] mtDNAS] ast & 
fragment Te Zz} 26719 327891 ROB z^Hjgiu. LS 2359] APEA 

SA Aes AMAA pm E Aso morem, oS SSE] AE 2] 
ES] SHA WS & xb]zb VE A9 x etic. S£ SF yay eqs, 
A\ ESA xpo] R mtDNAS| AMAA AJEA Bet xpo]z Eu olS 249) | 
= o= TLEAN BHT F US BES s SF] epp ege FASS 


NAATH. 
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Taste 1004S °]29] x3bE)pzb € Eeblz $1959 oe]|E F Drosophila SNE 6°] 
6091] FAME NOS ebd Ua lS $ D. lacrtosa9t D. sordidula= eye} dej 
e| 24 za] Es Aeg nago 9)u(Lee9b Kim. 1987). 


YB] Z Eso ga APE ARARA 24 spo] xsbehz mie] azo] qo 
APM AB ROS dedi. led S$ Po] ue APE FB BATA aaa spes 
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q Fou cae 99r xc ANAFAA Jg BHAA Ho] HA So] Bo] AF8-s] s: 
Su. 

Mitochondrial DNA(mtDNA) & DNA] Sla] vj <$ 42 37191 15-20 kbp 3x9] 2 
T Ugrxe so] ALH, BA $439 Acs AAA AG. LM mtDNA AZ sj 
#4 Asbo] ta A DNA ub AAF FEF WS wed SAS 71D AAA 9⁄4 4s 
LAS Had EAF HE zs 2 FS] Aa Ata Bo] SST YOM (Ferris =, 
1981, 1983: Lansman €, 1981: Champman %, 1982), A4|x3 Wo] ZasE mtDNA 
AAE SA He} SU HE SU FABAS Wes £9] HAAA E BASE TE sl 
T f#% 2219.2 G44 AA (Ferris #, 1981: Avise S, 1986). 

jeg APS SF geg mtDNA Bolo] zt&t APZ Latorre &(1986)9t Afonso 
(1990)& D. subobscurat tt 3*9] mtDNA €3H& 2439 o] 49 J49 Fa B 2e] 
A7FS SHB, Hale} Singh(1986) € D. melanogaster& uez Bz] 
mtDNA type2] FAA set AFE sb AG. E% Solignac Monnerot(1986)= D. 
simulans, D. mauritiana 9 D. sechellia3] cleavage map dele, 2 AMS €uz 
Su 9 #4 mtDNA type 2% S$ X319) pg € FRSA. 292]9|x Hunts Carson 
(1983) 2 Hawaiitt Drosophila 449 zlsie] slo] azen, Halex} Beckenbach 
(1985) D. pseudoobscura} 22] ZAA #% BAS mtDNA BYES Ss quss 
UC. © Tamura $(1991)& D. sulfurigaster 29-£ u° š mtDNA9] d98 84$, 
Gupta &(1993)2 D. bipectinata $? 2:$9] mtDNA Wo] &4 €. Kim $(1993)2 D. 
montium subgroup9] mtDNA %99) 2% 2s VA., Aotsuka $(1994)2 D. 
immigrans AARAA mtDNA 9te|E, 32]: Ohsako $(1994)2 UR Eo] AA 
91€ D. albomicans AQ JAA AE mtDNA 8°] HAS Beso] YA up glad. zu zs 
ye Atlee mtDNA H AFH Choo $(1988), Kim} Choo(1988) 22] » Kim 
(1988) e D. melanogaster& qez z3ut9| mtDNA type& 47lz]e& BAF sb sg] eu], 
Choi3- Choo(1989)= D. virilis& ul^t9.3$ mtDNA He] #42 Bato xul D. virilis 3 
te 3 type9.& UU. Le Choi} Choo(1993) D. melanogaster. D. simulans, 
m= D. virilis 363 AX2L= mtDNAS] 9o] & Aad Sze] FAAAS wel sp Ve. a 
2+ D. lacertosa4 D. sordidula& Ul: 9.2$t mtDNA $2 Holo] HA APE AQ] o] 
FAR sp gh 

olet z]eje] AA Drosophila virilis section*]= angor species group. virilis 
species group. robusta species group, melanica species group. quadrisetata species 


+ dm 


group € polychaeta species groupe] SlxUl(Watabe. 1994, unpublished) # AFE = 
ste] #49) mtDNA Ho]zEAe] J} F JAAA Ate] YH2Z Drosophila $ D. 
robusta species groupel sl'ésHe D. lacertosa% D. sordidula& Ax2=2 mtDNAS 4 
Sao 107b4]9] ae ZSE AAPL AJA AAA a7] axpe|g o] Sse] o| Fo] S Es 


3b $94 YS Vystar ANAT. 


xX = 
E Ado] 4-22 D. lacertosa= TMU-11 strain) D. soldidula** TMU-4 straine 
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@ mtDNAY ## 

mtDNA2] #82 Tamura’ Aotsuka(1988)9] PHS <° Assad. 4 
isofemale lineS BFE] Fae 1 gÅ AAA homobuffer(0.25 M sucrose, 10 mM 
EDTA, 30 mM Tris-HCl, pH 7.5)& dz BAA 48 teflon HA71=2 8~109 BAA 

, 3,000 rpm2= 10€xt AABBAA As AAA. ASAE 12,000 rpm °S =. 2082 

asa mitochondria #48 AAA €, STE &90(0.15 M NaCl, 10 mM Tris- 
EDTA, pH 8.0) 1.0 mio] 4] ded 12,000 rpm2= 10354 AA Heaq 22912 A 
AIAH. 0.18 N NaOHs} 1% SDSS 200 ul 2I 73A SS] URES SHS X 5g 
as FA Wale] Sz ee AAG. gzl 5 M ice-cold potassium acetate $A 
(pH 4.8) du USS SHH GS 5EX SH v9] SHA X, “CAA 5Xx4t 12, 
000 rpm2 = A4 gög BYaAS ud Ala. 3A ol], S29] phenol-chloroform& #7} 
a < 12,000 rpm2 = 57 Adee] A ue, 289 ethanolS A739 3 el^] 30% °] 
^t WbA]8b + UA] 12,000 rpmell^] 20874 JAg mtDNAS JANA rS ASAS 
Hel 7096 ethanol& mtDNAS 4A% 3- 12.000 rpm e. & 5t vp] MAH] JAA. 
mtDNA Asai 327 AZZ X, 100 ule] TE buffer(pH 8.0)9] 42 GS NSE 
^H&elsiu. 

Q s EAS Az 

mtDNA oS E4sr] sere] 102359] AS RA(BRLAL AFE ASA. Aso A} 
$3 a]? E: Hindli, Xbal. Haell, MspI, SacI, EcoRI, EcoTə I. Nsp¥, Pvu 
I 98 EcoRV & 107/719. AJS ADE ANE 9 wll restriction buffer 1 ul, 
restriction enzyme 0.2 ul& 47} 2 SH GS 37 CoA] 14121 °] FAR. 

(3 Restriction fragment9] 27] #2 

Digestion^ll mtDNA ^|zel loading buffer 2 ul& 0.7% agarose gel, TPE buffer 
el^] 50 V(80 mA) & 3^]Xt AŞ? +S ethidium bromide= 20% BFE YAA $ DNA 
AM] SAS 32]4(700 nm) HAA HAAA. aAA coll AA AAs mtDNA AY 
Alay u ze 374€ + us BAS marker$b9] Bd co) SAR Haq 29s} 
aq. 

(D Cleavage map 4⁄4 

zaze eH] ga ata i39] EA 27/4) &&& vele] Aaaa dut dius 
27€ us yata 


a n 


D. lacertosa} D. sordidula9] mtDNA] 107k4] 4]$ € —£& Aes AJA mere 
Fig. 14 224, 2$9] Axe] agg duel4 fus isocfemale line9e.2 ły Fee 
mtDNA uere 102F4 aAetg 269] HAZ Yet AAJ FA °]S2] genome si 
Table 1e] El At. 

Fig. 12} Table 1447 BE u}s} Ge] Pvulel gae 24 m= ste] mtDNA AWS 
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234567 123456 


8 9 10 111213 


Fig. 1. Representative examples of fragment patterns 
after restriction endonuclease digestion of mtDNA 


from D. lacertosa and D. sordidula (Lane 1, 5, 9, 13: Fig. 2. Representative examples of fragment patterns 


A-DNA digested with restriction endonuclease Sty | to 
produce fragment size markers. 19.33, 7.74, 6.22, 
3.47, 2.69, 1.88, 1.48, 0.93). 

Lane 2, 3, 4, 10, 11, 12: D. lacertosa, Lane 6, 7, 8: 
D. sordidula, Lane 2, 6, 10: Hind I, Lane 3, 7, 11: 
Hind] + Xba I , Lane 4, 8, 12: Xba | 


after double degestion of mtDNA from D. lacertosa 
(Lane 1, 6: A-DNA digested with restriction 
endonuclease Sty | to produce fragment size markers. 
19.33, 7.74, 6.22, 3.47, 2.69, 1.88, 1.48, 0.93). 
Lane 2: EcoR | + Bgl I, Lane 3: EcoR |] + Hind, 
Lane 4 : EcoR | + Pw], Lane 5: EcoR | + Xba I 


= users, Hael VANE D. lacertosa7t, NspV $z EcoT) la AANE 


sordidula7} 717] Hg 434(15.7 kbp) €. 
+ tS fragment 

agge AJ Q= aeg ugxes, AA 

sordidulae|^| 327191 2419.2 22} yet. 


aag FE 
$HH D. lacertosa} D. sordidula9] mtDNA 


a Yo] ARAA AAE 278ep4 6712221 "l 
zu zo sess. 


EG 259] QI SE] AA FAS zre 


D. lacertosa 2674, D. 


9| genome size XF 15.7 kbp? Rez Jagah. 
mtDNA Aske 27/4) a|$tE& E FAA AAA Ue 3:39] 3S Fig. 29] HAEA 
Rel o|& qaad Aye Aste] 2&9] cleavage maps Fig. 3A degit. 


Fig. 304 B= Hts} Zo] Cleavage map9] 44e zt =o] 


lže so] Z AMAA) M44 
26 site. D. sordidulael] 4 = 
3 = 


32 site& gz} 
1S | St SEH 14 #98 za 


SH WE Xbal sites 


HAS JA Ao zaad. lI Ax D. lacertosa 


22 < UAG. 144 cleavage map 4 
219.2 Ue} vi? te mtDNA?) ull 


&| - 8—Drosophila 252| mtDNAHO| 473 


Table 1. Sizes of restriction fragments of D. lacertosa and D. sordidula mtDNAs digested with 10 restriction 


endonucleases 


Hind Ill Xba | Hae Ill Msp I Sac I 
Fragment 
1 s 1 s 1 s 1 s 1 s 

A 5.3 8.2 6.4 5.4 15.7 7.2 14.0 4.6 6.7 10.6 
B 4.7 4.9 5.5 5.0 6.7 1.7 3.0 5.1 2.8 
C 3.5 1.7 3.8 3.9 1.8 2.8 3.9 2.4 
D 1.6 5.0 1.4 2.2 
E 0.6 0.4 1.6 
F 1.5 

Total 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 

ee LAN NEED KR RENE RE RM RR dt tn 
EcoRI EcoT>21 Nsp V Pvu ll EcoR V 
Fragment 
1 s 1 s 1 s 1 s 1 s 

A 6.0 4.0 8.4 15.7 8.9 15.7 15.7 15.7 7.4 14.4 
B 5.4 3.4 7.3 5.9 6.4 1.3 
C 4.3 2.3 0.9 1.9 
D 2.2 
E 2.0 
F 1.4 

Total 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 


1: D. lacertosa, s: D. sordidula. 


al 


ne 


= oeuf D. robusta 489 AŞA mag 92892 D. lacertosa 479 D. 
lacertosa% D. robusta 2] D. sordidula& AY2Z mtDNA? AVES ALS urge. 
= Ex uo] $25} yes Sese. HAAA AAE $ulbele] Uae Bol seol 4 
X(Aotsuka =. 1994), 22 £z WANE Se oko] She SS alg SU ES BEE 
==) aa] 4e 2452 usd uw 9u(Kim S. 1993). 


Hale} Beckenbach(1985)€ D. pseudoobscubra. D. persimilis 39]3: D. miranda 
°] Pacific Northwest 34S ues 6714) AHHAS ^H&sle] mtDNA 8e] E BAG 8 
3H HpaI AA Se Helse Bel bu oqa xe e| A-T rich regione] 9]3- 4A LE 


489) ao], zadog S¥aS Subs] Ada sac. 4 Solignac»kt Monnerot 
(1986): 12714] xp9tE 22 ASSo] mtDNA #444] J D. simulans, D. mauritiana 
D. sechellia = 343 Su 9 gug ETE Weser" Madagascard$9] D. 
simulans mtDNA?] introgression 7}2& 44$ wk dd. 2 AFANANE Hinds D. 
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2 ka 
HindIII (a) I 


EcoR V (b) = 


Xba I (c) 


Haelll(d) 


1 


Sac I (e) 


MspI(f) 


———À——M——————————————————ÜÀ S a 
EcoR I (g) : : 


Nsp V (h) 


Pvull (i) 


EcoTz I (j) 


ii ib a dl 
ad f dg fj c ht ge f ge cd gf beifgh a c a 
É 
! J 
5 10 15 157 
kp 
D. lacertosa | —————— — D. sordidula 
Fig. 3. Cleavage map of D. lacertosa and D. sordidula mtDNA. 
sordidulae| 3191^| Msp 8 EcoRI FAA Se Bolas yee oletat ol2ls.9le] 
Z€ woe Wel HE FH] dips epus 337 ZIALE Sk seal qos 
ROE FRB SUS ARE introgressionSs AJ Wal 8b FE VS Ze = cud 
WA D. lacertosa% D. sordidula= BAW BA svtonj]eb gabe] Zu o] So) we 
a] 98e] QYAS 242} 1V4JIDS! 2V2RID(Lee. 1993) & #91 lao] oS 22 yp? We x 
7} VE ALS aa su. 
Ë AF d: a7] JEA depo dus IPS vial Eup om 2S sp$ om oxel d 
20 27E4 ARESE SAW Aes cleavage map& Ps] P AANE 258A ac 
QAFAS RA Be Roz Hs} og 282 Up wd su mao se amy us 


ph 
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3 mtDNA xt AAFAA AoA S| $t 3» 
ope] At dz Ee $us E, 22 $c 
AA) SS 21e] Aao D. lacertosa% D. mU go 
JE eae SEN} CAA WFURSES eHe ALE lS 2S 
spa se] sje] T oe TE AES] E Boz. Hye 
D. robusta €x M9] AASS dez mtDNA Wo] &4£€ aay 
capp xxt nn ayy espe] vpg SS GS usb] HEY + US el 
FANFA NAE SPA ATS + US Ale 4499. 
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Speciation Level by the Mitochondrial DNA Variation in Drosophila robusta 
Species Group (D. lacertosa and D. sordidula) 


Jun Kil Choi and Je Cheol Park* 
(Department of Biology, Sangji University, Wonju 220-702, Korea; *Department of Biology, Tokyo Metropolitan 
University, Tokyo 192-03, Japan) 


ABSTRACT 


Drosophila lacertosa and D. sordidula are members of the robusta species group in 
virilis section of Drosophila. The mtDNA of both species was analyzed, using 10 
restriction endonucleases. The mtDNA genome size of D. lacertosa and D. sordidula 
was 15.7 kbp, altogether, and the numbers of mtDNA fragment were 26 and 32, 
respectively. Restriction cleavage map of mtDNA in these species was constructed. 
The patterns of cleavage map were very different between two species and it means 


that speciation was taken for a long time ago. 


